
SECTION 4 

WELL TEST RECORDS 

4.0  Well Test Records 

During the drilling and completion of WDW-315 numerous tests were conducted to 
assure an environmentally safe injection well. Both casings were pressure tested 
following the cementing procedures. Two full hole cores were taken, one from the 
confiningzone and another from the injection zone. Both cores were analyzed by an 
independent laboratory for porosity and permeability along compatibility testing with 
common acids;  and a complete mineralogical analysis. 

Injectivity and falloff tests were conducted after the original bottom hole pressure, 
temperature, and fluid sample were taken. 'The fluid sample was analyzed for several 
different fluid properties including pH, specific gravity, conductance, TDS, TSS and 
several anions and cations. 

4.1  Original Bottom Hole Pressure and Temperature 

The original bottom hole pressure and temperatur.e were taken after the well was 
perForated on December 15, 1999. The original bottom hole pressure measured 
was 2518.52 psia at 6200 feet RKB. The original bottom hole temperature was 
186.68°F. A plot of the data gathered for the static bottom hole pressure is 
provided as Figure 4-1. 

4.1.1  Static Fluid Level 

The static fluid level measured while going into the well for the original 
bottom hole pressure was at approximately 700 feet. The fluid in the 
wellbore at the time of ineasurement was 2% KCL water. The fluid level 
will be dependent on the weight of the fluid in the wellbore. With normal 
Cockfield formation brine in the wellbore the fluid level would probably be 
much lower. 

4.2  Core Records 

Two full hole cores were taken during the drilling of WDW-315. The first core 
was taken from a depth of 4600 feet in the Jackson Formation. The second core 
was taken from the Cockfield Formation. 
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4.2.1  Depths, Types and Recovery  
, 

The first core taken from the Jackson Formation (Confining Zone) was a 
full hole core (4 inch) at a depth of 4600 feet RKB. An attempt to core 30 
feet of core proved impossible and only 18 inches of core was recovered. 
The core obtained was primarily clay. 

The second core was taken from the Cockfield Formation (Injection Zone) 
at a depth of 6070. feet RKB. An attempt to core 30 feet was relatively 
successful with a little over 14 feet recovered. The core obtained was 
primarily a fine grained sandstone interbedded with siltstone. 

4.2.2  Laboratory Tests 

The cores were taken to Omni Labs to be tested. Tests on the confining 
zone sample was limited to a test for permeability which showed a value 
of 0.010 millidarcies. The tests performed on the injection zone samples 
included a compatibility study using various pH solutions of KCI. The 
results of the study is provided as Exhibit 7. 

4.3 	Injectivity / Falloff Test  

f The injectivity / falloff test was performed December 17-19, 1999. After the well _ 
was backfiowed for 12 hours on December 16, 1999, the well was allowed to 
stabilize for 12 hours prior to the test. The test was performed using native 
formation fluid and brine water brought to the site. The injectivity part of the test 
was conducted by pumping the formation fluid and brine into the well at 3 barrels 
per minute (126 gpm) for 12 hours. The well was shut in and the falloff test was 
performed for approximately 32 hours following injection. The results of the test 
were analyzed by Mr. Peter Stan, reservoir engineer and are provided in 
Appendix B. A copy of the data disk is also provided in Appendix B. 

4.4  Casing Pressure Tests 

The surface casing and the long string casing were both tested prior to drilling 
out the float shoes. Both casings were tested for over 30 minutes. The surface 
casing was tested at 1200 psi for 40 minutes and showed no pressure loss. The 
test is presented in Figure 4-2. 

The long string casing.was tested at 1500 psi for 35 minutes and showed a 200 
psi increase in pressure duririg the test. This was attributed to the hole being 
flushed with fresh water at ambient temperature (-50°F) just prior to the test. 
The fresh water heating up in the casing caused the increase in pressure during 
the test. The test is presented in Figure 4-3. 
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FIGURE 4-3 
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PETROGRAPHIC ANALYSIS 

X-ray diffraction (XRD) analysis, thin section pefirography, and scarining electron 
microscopy (SEM) were performed on three (3) conventional core samples from the 
WDW 315 No. 1 Well (see Appendices B through D, respectively). Table 1(below) 
shows the sample depths .and the analyses performed. 

TABLE 1 	' 

SAMPLE DEPTHS AND ANALYSES PERFORMED 

Sample 
Depth 

'Thin Section 
Petrogra hy 

X-Ray 
Diffraction 

Scannirig Electron 
Microsco y 

6071.52' X X X 
6077.55' X X X 
6082.96 X X X 

The objectives of these analyses were to: 1) characterize tr -le sample texture and 
mineralogy; 2) examine porosity development and determine controls or7 porosity and 
permeability; 3) evaluate the formation for sensitivity to cornpletion fluids; and 4) 
determine the effects of mineralogy on log response. 
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Summar~ Of Petrographic EZesults 

The samples analyzed by thin section (Appendix C) are moderately to moderately well 
sorted, and range in fabric from massive (6071.52') to laminated (6077.55' and 
6082.96'). The sample taken from 6077.55' is a siltstone with an average grain size of 
0.02mm. The remaining two samples are sandstones that are very fine- (6071.52') and 
fine-grained (6082.96'). 

Some features are common to each of the samples. Gluartz is the dominant framework 
grain type, with lesser amounts of -Feldspars and lithic fragments, also present. Porosity 
development is moderate to good in the samples analyzed and is strongly controlled by 
the amount and distribution of remaining effective porosity. Porosity distribution is 
influenced by 1) cementation, especially by the zeolite mineral analcime; and to a lesser 
extent; 2) pore-filling kaolinitic clay; and 3) low sediment compac:tion. Other components 
observed in minor amounts include micas, organic material, glauconite, and the heavy 
minerals metamorphic chlorite, tournnaline, and zircon. 

Petrographic results are summarized in Table 1 shown below. 

TABLE 1 

SUMMARY OF PETROGRAPHY RESULTS 

Sample 
De th 

Grain Size 
Av . mm 

Resistivity 
Sup ression 

Fabric Matrix 
% 

Secoridary 
Cement (% 

Porosity 
Develo ment 

6071.52' 0.10 None Massive Trace 9 Good 
6077.55' 0,02 Strong Laminated 21 14 Moderate 
6082.96 0.15 Sli 	ht Laminated 7 18 Moderate 



PETROGRAPHIC RESULTS 

Sedimentary Fabric and Texture 

The samples analyzed by thin section (Appendix C) are moderately to moderately well 
sorted, and range in fabric from massive (6071.52') to laminated (6077.55' and 
6082.96'). The sample taken from 6077.55' is a siltstone with an average grain size of 
0.02mm. The remaining two samples are sandstones -that are very fine- (6071.52') and 
fine-grained (6082.96'). The lamina -ted samples contain continuous (across the length of 
a thin section) laminations that are fairly thin. In general, the angularity of the grains 
ranges from angular to subrounded, with most grains being subangular. 

Framework Grain Mineraloay 

The most common framework grain type in the sandstones and siltstone is 
monocrystalline quartz (26%-33%). Other framework components inclucie various lithic 
fragments (6%-14% total lithics), plagioclase feldspar (3%-7%), I'C-feldspar (2%-3%), and 
polycrystalline quartz (trace-1 %). Accessory grains include rnuscovite mica and the 
mature heavy minerals metamorphic chlorite, tourmaline, and zircon. Environmental 
indicators inctude glauconite, and or•ganic material. Glauconite is an indicator of marine 
depositional influence. Compositionally, the sandstones are similar and are classified by 
the Folk (1980) method as feldspathic litharenites. 

Cementation 

The dominant cement in these samples is the zeolite mineral analcime. Analcime (0%- 
14%) forms as a patchy pore filling and is very sensitive to sorne acids (see Formation 
Sensitivity section). Other cements observed in low amounts include pore-lining clay 
(1 %-5%), secondary quartz overgrowths (trace), dolornite (0%.-3%), siderite (0%-1 %), 
pyrite (2%-3%), and authigenic kaolinite (0%-3%). Quartz overgrowths form as flat -to 
pseudohexagonal nucleations on host quartz sand grains. V'he carbonate minerals 
(dolomite and siderite) occur as a patchy pore-filling, or as individual crystals. Pyrite 
occurs as aggregates of pore-filling microcrystals, as well as a replacen -ient product of 
organic material. Kaolinite is discussed in the following section on "Clay Mineralogy". 

Clay Mineralogy 

X-ray diffraction (XRD) analysis (Appendix S) of the three samples reveals a total clay 
content ranging from 9%-25%, by weight. The clay types present are kaolinite (3%- 
10%), illite (1 %-6%), mixed-layer illite/smectite (4%-9%), and chlorite (trace-3%). SEM 

~~ 	analysis shows that illite and mixecl-layer illite/smectite are fineYy intermixed and occur 



largely as a detrital pore-filling matrix component with a patchy distribution, or occur as 
the main components of shale laminations. Authigenic secondary chlorite occurs as flat 

_ platelets with a face-to edge orientation and is found as a discontinuous grain-coating 
clay, especially at 6082.96'. Authigenic kaolinite is the most commonly observed 
secondary clay mineral, and is found as patchy pore-fillings of booklet aggregates. AII 
clay types are also found in associa -tion with certain lithic fragment types. 

Formation Sensitivity 

Several components found in these samples may exhibit sensitivity to certain completion 
fluids. Mineral components that exhibit these traits include analcime, authigenic 
kaolinite, and carbonates. 

The most sensitive mineral component detected at 6071.52' ar ► d 6082.96' is analcime. 
This zeolite mineral is seen as a precipitate that infills pores ancl pore throats. 
Conventional HCI an.d HCI - HF acid systems are not recommEanded for these intervals 
because of the presence of this zeolite. A chemically inert gelatinous mass forms with 
exposure of analcime to these acid systems. Recent studies have shown that even 
small amounts of this zeolite in a formation can cause major production declines upon 
contact with strong acid systems and incompatible fluids. Therefore, the recommended 
clean-up acid is 10% acetic acid or a combination of 10% acetic and 5% HCI acid. 

Authigenic kaolinite is seen as small aggregates of booklets that are loosely bound to 
~ pore walls. This loosely bound clay is a fines migration concern. "Chese kaolinite 

booklets can migrate, especially during wettability changes in the formation, and can 
"brushpile" into pore throats during high flow rates, effectively reducing zonal 
permeability. It is recommended that high flow rates be avoicied, and flow testing of 
completion and disposal fluids be performed, to determine ilhe effect of moveable 
kaolinite to sample permeability. 

The carbonate minerals dolomite and siderite are detected by both thin section analysis 
and XRD. However, these components are found in low amounts (5% or less, by weight 
from XRD data). These pore-filling cements are generally found within shaly 
laminations. Only minor amounts of these carbonates can be seen in the sand/silt 
portions of these samples. Generally, HCL acid is recommended to clean up the 
wellbore when carbonates are present. However, the presence of analcime precludes 
the use of HF or HCI acid systems, and acetic acid is recommer ► ded as a clean up acid. 
Since carbonate volume and location are not a concern, acid should only be used to 
establish communication with the wellbore. 
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r~ 	Mineralogic Influences on Log Response 

The following section discusses the effects on log i-espons(B of the rnineralogy and 
associated porosity types found in these samples. 

1. Resistivity Logs: The main factors that may suppress resistivity in these intervals 
are "water bound" microporosity associated with pore-filling authigenic kaolinite, grain- 
coating chlorite, and thin, clay-rich laminations. Resistivity suppression within the 
analyzed zones due to mineralogy is expected to variable (see 'Table 1). 

2. Density Logs: The samples analyzed from this well contain the high density 
minerals dolomite, siderite, and pyrite. Each of these mineral,s, however, are seen in 
only minor amounts and are not expected to affect the overall density of the samples. 
Core analysis indicates that the measured grain density of the samples ranges from 
2.64gm/cc to 2.69gm/cc. 

3. Gamma-Ray Log: Gamma-ray logs respond to radioactive isotopes. The clay 
minerals kaolinite (average 6% by weight from XRD) and chlorite (average 1% by weight 
from XRD) will not be detected by gamma-ray logs due to the absence of potassium in 
these minerals. Conversely, the mineral K-feldspar (average 6% by weight from XRD) 
will be detected as "clay" by gamma-ray logs due to the presence of potassium in this 
mineral. The combined effect of these components will not aifect the gamma-ray log 
response. 

,,.~ 



APPENDIX A 

PETROGRAPHIC ANALYTICAL PROCEDtJIRES 

X-ray Diffraction (XRD) Analysis 

A representative portion of each sample was dried, extracted if necessary, and then 
ground in a Brinkman MM-2 Retsch Mill to a fine powder. This ground sample was next 
loaded into an aluminum sample holder. This "bulk" sample mount was scanned with a 
Philips X-ray difPractometer using nickel-filtered copper K-alpha radiation at standard 
scanning parameters. Computer analysis of the diffractograms provide qualitative 
identification of mineral phases and semiquantitative analysis of the relative abundance 
(in weight percent) of the various inineral phases. It should also be noted that X-ray 
diffraction does not allow the detection and identification of non-crystalline (amorphous) 
material, such as organic material. 

An oriented clay fraction mount was prepared for each sample from the ground powder. 
The samples were further size fractionated by centrifuge to separate the <4 micron 
fraction. Ultrasonic treatment was used to suspend the material, then a dispersant was 
used to prevent flocculation when noted. The solution containing the clay fraction was 
then passed through a Fisher filter membrane apparatus allowing the solids to be 
collected on a cellulose membrane filter. These solids were then mounted on a glass 
slide, dried, and scanned with the Philips diffractometer. The oriented clay mount was 
glycolated and another diffractogram prepared to identify the expandable, water 

'— 

	

	sensitive minerals. The samples were also heat treated, to aid in distinguishing kaolinite 
and chlorite. 

Thin Section Petrographuc Analysis 

Samples selected for thin section analysis were prepared by fir'st vacuurn impregnating 
with blue-dyed epoxy. The samples were then mounted on ari optical glass slide and 
cut and lapped in water to a thickness of 0.03 mm. The prep ~:ired sections were then 
covered with index oil and temporary cover slips, and then einalyzed using standard 
petrographic techniques. 

Scanning Electron Microscopy (SEM) Analysis 

Samples selected for scanning electron microscopy analysis wE:lre first broken, or split, 
to expose fresh surfaces.. The samples were then mounted ori sample holders with a 
conductive carbon paste and coated with gold in a"cool" sputter coater to prevent heat 
damage to sensitive clay minerals or friable samples. The samples were analyzed with 
a SM-3000 Topcon Digital Scanning Electron Microscope .and 1"racor Northern Energy 
Dispersive Spectrbmeter (EDS). 



APPENDBX B 

X-RA'Y DIFFRACTION DATA 
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APPENDIX C 

THIN SECI'ION ANALrSIS RESULTS 
AND 

THIN SECTION PHOTONlAICROCRAPH. ~~ 
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SUMMARY OF PERMEABILITY TO LIGlUID RE:SULTS 
Shale Sample 

Crossroads Environmental 	Montgomery County, Texas 
WDW 315 No. 1 	 File No. H-3260 
East Conroe Field 

Perrrieability, 
Sample to Air 

Core Sample Depth, millidarcys 
2000 psi Number Number feet 

4600 	 0.010 
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.,, . 	Lahoratories, Inc. 

PERMEABILITY VERSUS POROSITY 
Routine Samples 

Crossroads Environmental 
	

N1ontgomery County, Texas 
WDW 315 No. 1 
	

File No. H-3260 
East Conroe Field 
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IaboratoNes, Inc. 

SUMMARY OF ROUTINE CORE ANALI(SES IRIESULTS 
Routine Samples 

Crossroads Environmental 
	

Nlontgomery County, Texas 
WDW 315 No. 1 
	

File No. H-•3260 
East Conroe Field 

Core 
Number 

Sample 
Number 

Sample 
Depth, 

feet 

Permeability, 
millidare s Porosity, 

percent 
Grain 

Density, 
m/cc 

to Air IKlinkenberg 
2000 	si 1 2000 psi 2000 psi 1 - Ambient 

2 	1 6071.52 518. 485. 31.7 34.1 2.66 
2 	2 6073.25 882. 836. 32.3 33.4 2.65 
2 	3 6077.55 545. 511. 26.8 27.7 2.64 
2 	4 6080.20 131. 117. 26.6 27.8 2.66 
2 	5 6082.96 7.63 6.00 18.0 19.3 2.69 

Average values: 417. 391. 27.1 28.5 2.66 

~~ 



MNI 
Laboratories, Inc. 

Company: Crossroads Environmental Corporation 
	

File No.: H-3260 
Well: WDW 315 No. 1 
	

Analyst: A.nderson 
Field: East Conroe Field 
	

Date: 11/22/1999 
Location: Montgomery County, Texas 

	
Cores: Baker 

 

CORE GAM1VIA. ]LZAh' LOG P'LOT 
VERTICAL SCALE 5":100' 

Gamma Count 	 Depth 	 Core # 
Feet 

Total interval 

G 200 
-7 6050 

 

2 	 6070-6084.4 

~I' 6150 

6100 

,u,,,~ 
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APPENDIX D 

SCANNINr ELECTRON MICROSCOPE: 
PHOTOMICROGRAPHS AND DESCRIPT'IC)NS 

(Note the micron bar at the lower portion of each photomicrograph for scale) 

~ti~ 



.. ,~A,  V, MNI 	 7-21-00 

Laboratories, Inc. 

ACID CONSUAIIPTIOM 
Process Water Neutralization 

Crossroads Enviromental 
	

Montgomery County, Texas 
WDW 315 No. 1 
	

File INo. H-3260 

Weight HCI ~ Weight 	HCI 
of Process Acid of HCI 	Acid 

Initial Water, Final Concentration, Added, 	Consumption, 
H grams pH Percent ~ rg ams  _ 	rams/ ram 

	

11.05 	501.20 	8.10 	 35 	 37. 	 0.075 

	

11.05 	503.24 	4.01 	 35 	 40. 	 0.080 

~,_~ 
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~IVIN I 
	 7-20-00 

Latroretorles, Inc. 

A,CID CONSUMIPTION 
Process Water Neutralization 

Crossroads Enviromental 
	

Moni:gomery County, Texas 
WDW 315 No. 1 
	

FiIE) No. H-3260 

Weight Acetic r  Weight Acetic 
of Process Acid of Acetic Acid Acid 

Initial Water, Final Concentration, Added, Consumption, 
H grams pH percent grams 	_ rams/ ram 

11.05 100.00 4.05 10 127. 1.274 

11.05 565.44 4.01 99 118. 0.209 

11.05 99.93 8.02 10 24. 0.238 

11.05 540.14 8.04 99 28. 0.053 

11.05 100.00 8.06 10 27. 0.269 

11.05 565,44 8.01 99 32. 0.056 

~ 
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